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^ ■ Abstract 

The recent measurements of the direct CP asymmetries [Aqp) in the penguin-dominated B — t- Ktt 

(D : 

, decays show some discrepancy from the standard model (SM) prediction. While Acp of B'^ — )■ 



Tr^K~^ and that of B^ — t- vr K'^ in the naive estimate of the SM are expected to have very similar 
values, their experimental data are of the opposite sign and different magnitudes. We study the 



> 
m 

o . 

. effects of the custodial bulk Randall-Sundrum model on this Aqp- In this model, the misalignment 



, of the five-dimensional (5D) Yukawa interactions to the 5D bulk gauge interactions in flavor space 

' leads to tree-level flavor-changing neutral current by the Kaluza-Klein gauge bosons. In a large 

portion of the parameter space of this model, the observed nonzero Acp{B'^ — t- -k^ K^)— Acp{B^ — )■ 
^ , ■K~K~^) can be explained only with low Kaluza-Klein mass scale Mkk around 1 TeV. Rather 

d \ extreme parameters is required to explain it with Mkk — 3 TeV. The new contributions to 

well-measured branching ratios of 5 — >• Kt: decays are also shown to be suppressed. 
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I. INTRODUCTION 



The study of B meson decays at Belle and BaBar [ij] have been a crucial probe of the 
standard model (SM), especially its CP violation part. Recently the B — )■ Kn decay system 
has drawn a lot of interest due to the discrepancy between the SM predictions and the 



measurements 







6|. There are nine measurements of the four decays of B~^ — -k'^K^, 
B^ — > 7r°/i+, B^ — ^ Ti^K^, and B^ — > n^K^: four branching ratios (BR), four direct CP 
asymmetries Acp, and one mixing-induced CP asymmetry 5*0?. The 2008 data of these nine 
measurements are in Table [H 



Mode 


BR [10-6] 


^CP 


•Sep 


B+ -K+K^ 


23.1 ± 1.0 


0.009 ± 0.025 




B+ ^ 7rOi^+ 


12.9 ±0.6 


0.050 ±0.025 




TT-K+ 


19.4 ±0.6 


-0 098+°-°^2 
u.uy5_o oil 




5° ^ TT^K^ 


9.8 ±0.6 


-0.01 ±0.10 


0.57 ±0.17 



TABLE I. Experimental data for B — t- ttK; BR's, direct CP asymmetries Aqp, and mixing-induced 
CP asymmetry Scp Q, ^• 

We focus on the direct CP asymmetries Aqp of B^ — t- 7i^K~^ and B^ — ?■ tt~K~^. In the 
SM, the dominant contribution to each decay amplitude comes from the strong penguin 
contribution P. The color-suppressed tree contribution C may be smaller than the color- 
favored tree contribution T by a factor of the small parameter A = \Vus\ — 0.22. Therefore, 
both B^ —7- TT^K'^ and B^ tx~ could have Aq^ given by the interference between T 
and P in the leading order, as shown in Eq. (1). The direct CP asymmetries of two decay 
modes are expected to be the same size with the same sign within the naive estimate of the 
SM. As can be seen in Table [H however, the observation is quite different from this naive SM 
prediction: Acp{B'^ — )■ -k^K^) is non-zero positivcJ while Acp{B^ — ?■ -k^K^) is negative. 
Known as "i? — tiK puzzle" , this discrepancy has brought extensive attentions, leading to 
model-independent studies as well as new physics (NP) effect studies in the literature. 

In this paper, we study this Acp puzzle in the framework of the custodial bulk Randall- 
Sundrum (RS) model 9|. In the simplest implementation of the RS model, featuring an 
^ Albeit statistically less significant with larger error compared with BELLE and BaBar data, the CLEO 

collaboration observed negative mean value for this asymmetry 7[, Acp(i?^ n^K^) = —0.29 ± 0.23 ± 

0.02. 



SU(2) L X U{1)y bulk gauge symmetry and a minimal brane-localized Higgs sector, this B — )■ 
Kn puzzle was studied, showing the difficulty to solve the puzzle under the experimental 
constraints 10|. As a five- dimensional (5D) warped model with all the SM fields in the bulk 



provides very attractive explanations 
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2l|. To ensure the SU{2) custodial 



(except for the Higgs boson field), the bulk RS mode^ 
for both gauge hierarchy and fermion mass hierarchy 
symmetry, we adopt the model with the bulk gauge symmetry of SU{?>)c^SU{2)lxSU{2)rX 
f/(l)x, induced from AdSs/CFT feature [9|. 

Since the 5D Yukawa interaction is not generally fiavor- diagonal in this model, the fiavor- 



changing-neutra 
gauge bosons 122 



-current (FCNC) is generated at tree level, mediated by Kaluza-Klein (KK) 



23|. The 5D Yukawa couplings Ag^ - and the bulk Dirac mass parameters 



c/'s determine all the FCNC processes in principle. Without a priori information about the 
model parameters, however, this model lacks the prediction power. 
In our previous works 



231, 



24j , we show that if we adopt two simple and natural assump- 



tions, we can fix the model parameters and extract the necessary information for the calcula- 
tions. The first assumption is that the 5D Yukawa couplings are universal, X^ij ~ A5 ~ 0{1). 
The second assumption is that fine tuning is not allowed when explaining the observed SM 
mixing matrices (CKM and PMNS). Here our restriction is at the level of no order- changing 
by cancellation. Mild fine tuning is permitted in this setup. With the given Asj/s and c/'s 
based on the two assumptions, we study the bulk RS model effects on the B — )■ Ktt decay. 
We will show that this model can explain the discrepancy between the observed Aqp in the 
B — TiK decay and the SM prediction with the KK mass scale around 1 TeV. These NP 
effects give suppressed contributions to the well observed BR's. 

The organization of the paper is as follows. In Sec. [TTl we briefly review the current status 
of the measurements of four B — ?■ Kti decays. In Sec. IIIIl we summarize the custodial 
bulk RS model and formulate the bulk fermion sector. After presenting two naturalness 
assumptions, we determine all the bulk Dirac mass parameters. Section IIVI deals with the 
effects of this model on Acp's oi B ^ Kn decays. We conclude in Sec. |Vl 



II. SHORT REVIEW OF B ^ ttK DECAYS 



In the SM, the B — ttK decays are dominated by the & — ?■ s QCD penguin diagrams. The 
electro weak penguin and the tree contributions are next dominant. The current experimental 
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data in Tabled show that the branching ratios are very precisely measured. The observations 



are more precise t 
perturbative QCD 



lan the SM theoretical estimates such as QCD factorization and the 



25|. 



The B —J- ttK decay amplitudes can be written in terms of topological amplitudes up to 



scale: 



V2A{B° -> 7r°A'°) 



P 



-E 



'c 



EW 



(1) 



. p ^ T' — P' 

^ EW 



2 -Tew ' 



-P' - T' 



-P. 



'c 



EW' 



P' - P' - - P'^ 
^ -f^EW 2 -'^EW 



C. 



The primes denote the h ^ s transition. The color-favored (color-suppressed) tree diagrams 
are represented by T' (C), and the P-p^^ is the electroweak (color-suppressed electroweak) 
penguin. 

The penguin diagram P' is the sum of three up-type (m, c, t) quark contributions: 

P' = ^uPu + Ac-Pc + \Pt 

= XtiPt - Pc) + K{Pu - Pc) 



pi I pt 



(2) 



where Aj = V*^ia{i = u,c,t), and the unitarity of the CKM matrix is used for the second 
equality. Here, the phase of At = Vf^Vts is ~ vr within the SM. We also expect the following 



hierarchies from theoretical calculations in the SM 



26|-28|: 



0(1) 
0(A) 
0(A2) 



IP' I 

IT'I IP' I 

K 1 5 I EW I ; 

\r"\ I p' I I p'c* I 

I*-" h K nch K EWl 



(3) 



If we define 



AAcp = Acp(5+ ^ 7r°Ji + ) - Acp(5° ^ 7r"K+), 



(4) 



the SM predicts very small AAqp, which is contradictory to the experimental data in Table [B 
This discrepancy possibly suggests the existence of the NP contribution, especially in the 
CP violating phases. If the NP contribution is the source of the discrepancy, it should be of 
the order of A or more. 
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The effective Hamiltonian for B — )> irK can be written in operator expansion 29| : 

Gf ( ^° 

The operators are defined by 



\p=u^c 



(5) 



Ql = ipiPi)v-A{.PjSj)v-A, 
Q3 = {biSi)v-Aj2qiQj(lj)v-A, 



Ql = {biPj)v-A{PjSi)v-A, 



Qa = ipiS 



j)V-A 



i)V-A, 



Q5 

Q9 



{biSi)v-A Y.qiQjQj)v+A, Qg = {hiSj)v-A Y.qiQjQ'. 



iqi)V+A, 



(6) 



{biSi)v-AT.q^eg{qjqj)v+A, Qs = {biSj)v-Aj2q^eg{qjqi)v+A 

(biSi)v-Aj2 



2 

q2^q{Qj(lj)v-A, 



QW = {hSj)v-AY.q\(^q{m 



ijV-A: 



where i, j are color indices, Cq is the electric charge of the quark, {qiq2)v±A = ?i7m(1 ±75)92 
and q = u,d. 



The topologica' 
operator basis as 



amplitudes are written in terms of the Wilson coefficients in the standard 



29 



30| 



04 



K 



-aio ) + 



A 



TZK, 



V2A{B+ TT^K+) = A{B^ n^K^ 



A 



Ktx 



A{B^ TT = - [A„ai - At {a^ + a^) - \tr^ (ag + ag)] A^k, 
V2A{B^ ^ 7r°/i°) = A{B+ n+K°) + V2A{B+ ^ 7r°A^+) - ^ 7r-i^+), (7) 

where Oj = Cj + Cj±i/3 with +(— ) sign for odd (even) i. We can specify each penguin 



contributions as 



P' 



p' 



-At 

^At 
2 



04 + ae 



A 



nK, 



CLj — CLg 



A 



p'c - - \ 

EW — 2 * 



A 



ttK, 



T' — A^aiA^x, 
C = Xua2AKw 



(8) 



where = 2m\/mb{ms+mq), = (m„+mrf)/2, A^k{K7t) = GF{m%-mLj^.)F^''^^fK{n)/V2^ 



and Fr 



0.3 are semileptonic form factors for B decays 



3l|. 
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III. REVIEW OF THE BULK RANDAL-SUNDRUM MODEL 



The RS model is based on a 5D warped spacetime with the metric 11 1 



ds^ = (dt^ - dx^ -dz^), (9) 
[kz)^ 

where the fifth dimension z is compactified between 1/k < z < 1/T. Here k ~ Mpi and 
T is the natural cut-off of the gauge theory at TeV scale. Two boundaries zuv = ^/k and 
ziR = 1/T are called the Planck brane and the TeV brane, respectively. 

For SU{2) custodial symmetry, we adopt the model suggested by Agashe et.al. in Ref. 
9|, based on the gauge structure of SU{3)c x SU(2)lX SU{2)rX U{l)x- The custodial 
symmetry is guaranteed by the bulk SU{2)r gauge symmetry. The bulk gauge SU{2)r 
symmetry is broken into U{1)r by the orbifold boundary conditions on the Planck brane: 
charged SU{2)r gauge fields have ( — h) parity. The U{1)r x U{1)x is spontaneously broken 
into U (l)y on the Planck brane and the Higgs field localized on the TeV brane is responsible 
to the breaking of SU{2)l x U{1)y to U{1)em- 

The action for a 5D gauge fields is 

1 



-^9 9 ^MN^PQ 



(10) 



where G is the determinant of the AdS metric g^-"^ , and Fpjjy = c^Af — djyAlj- + 
g^f"'^'^A\jA'j^. The 5D action for the gauge interactions of a bulk fermion '^{x,z) = 
\E'(x, z)/{kzY is 

5int= [ d^xdzVG^^{x,z)iT'''Al,{x,z)T''^{x,z), (11) 
J v2k 

where g^i is the 5D dimensionless gauge coupling {g5s, g5L, g5R, g5x) for each gauge group 
(5f/(3)„Sf/(2)i,5f/(2)^,t/(l)x) and F^^ = (7^^75)• 

A bulk gauge field Ai^{x, z) and a bulk fermion field '^{x, z) are expanded in terms of KK 
modes by 

A.(x,^) = v^^AW(x)/f (^), (12) 

n 



where the mode functions of /^"^(2) and f^\z,c) = f^\z,—c) are referred to Ref. |18 |. 



Here c is defined through the 5D Dirac mass rriD = sign(?/)c/c and z = e'^'^L Note that a 



massless SM fermion corresponds to the zero mode with (++) parity. Since has always 
opposite parity of "^r, the left-handed SM fermion is the zero mode of a 5D fermion whose 
left-handed part has (++) parity (the corresponding right-handed part has automatically 

( ) parity which cannot have a zero mode). 

Due to the gauge structure of SU{3)cxSU{2)lxSU{2)rxU{1)x, the right-handed SM 
fermions belong to a SU{2)r doublet, and couple to SU{2)r gauge bosons with ( — h) parity. 
As a result, the whole quark sector is 

^-(?)' ^^(1^)' ^-(1^)' 

where i is the generation index. Dirac mass parameters (cg^, Cf/., c^ij determine their mode 
functions, KK mass spectra, and coupling strength with KK gauge bosons. 

On the TeV brane, the SM fermion mass is generated as the localized Higgs field develops 
its VEV of {H) = ~ 174 GeV. The SM mass matrix for a fermion /(= u, d, e) is 



v^LMcfjFLicfJ, (14) 



z=l/T 

where i,j are the generation indices, X^^j are the 5D (dimensionless) Yukawa couplings, and 
Fl{c) = Fr{—c) is defined by 

where e = T/k. The mass eigenstates of the SM fermions involve two independent mixing 
matrices, defined by 

XfL = Ul^fl XfR = U}j,i^fl. (16) 

Note that the observed mixing matrix is a multiplication of two independent mixing matrices 
such that VcKM = UljJdL and t/pMNS = UIJJ^l- 

If bulk Dirac mass parameters and 5D Yukawa couplings are given a priori^ we could 
predict all the mass spectra and mixing matrices as well as the couplings with KK gauge 
bosons. Without those crucial knowledge, we have to take the opposite way, i.e., deducing 
them from the observation. The problem is that the number of observations is not enough 
to fix all the model parameters. In the previous work, we have developed a theory based on 
the following two natural assumptions: 

1. For all fermions, 5D Yukawa couplings have the same order of mag nitude ~ 0(1). 



2. When explaining the observed mixing matrix Vckm = U'lJJdi and f/pMNS = uIj^U^l, 
no order- changing by cancellation is allowed. 

The assumption-l yields anarchy type fermion mass matrix, which naturally explains the 
large top quark mass ~ 174 GeV. Other small SM fermion masses are generated by 
controlling c's. The assumption-2 is consistent with the spirit of no fine-tuning. 



In Ref. 18|, we have shown that the above two natural assumptions determine the nine 
bulk mass parameters within a well-defined regions as 



CUi 



0.61, ~ 0.56, 



0.3 



+0.02 
-0.045 



(17) 



-0.71, 



-0.53, 0<cu,< 0.2 



— —0.66, — —0.61, 



-0.56.. 



Recently phenomenological constraint on the value of cq^ has been studied, focused on 



the anomalous coupling of Zbb vertex 



32j : cannot be smaller than 0.3. Combined 



with our constraint based on the two naturalness assumptions, we consider the case of 



= 0.3 ~ 0.32 in what follows. 
The quark mixing matrices are 



{UqR).., 



A = U,D. 



Then our mixing matrices show the following order of magnitude behaviors: 

^1 \ X'^ 
A 1 A2 
A3 A2 



(18) 



Uul 



( 



\ 

1 
1 A^ 
A2 1 



(19) 



+ O (A^) , UdR - 



1 A A2 
A 1 A 
A2 A 1 



O (A3) . 



(20) 



As shall be shown below, only Vul and UdL make dominant contributions to i? — ?■ Ki: 
decays. Because of high similarity of Uul and U^l to the CKM matrix, we take the following 
assumptions of 



gL) 



Kij (V( 



CKM J 



In order to satisfy our naturalness assumptions, we require 

1 



V2 



< I Kij I < 



V2. 



(21) 



(22) 
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IV. BULK RS MODEL EFFECTS ON B ^ Ktt DECAYS 



In the bulk RS model, the mass eigenstate of a SM fermion is a mixture of gauge eigen- 
states as in Eq. (fT6l) and we have FCNC mediated by KK gauge bosons. In terms of gauge 
eigenstates, the four-dimensional (4D) gauge interactions with KK gauge modes A^^"^ are 

oo 
n=l 

where g^j = g^j/y/kL for j = s,L,R,X. Since the bulk RS effects are suppressed by the 
forth power of the KK mass, we consider only the contribution of the first KK mode of gauge 
bosons. In what follows, therefore, we omit the KK mode number notation (n). Then the 
effective gauge couplings with the first KK gauge boson are 



gL[CfJ =gji[-Cf^ 



kL / dzk 



Note that the effective coupling g{c) vanishes if c = 1/2. 

The values of the bulk mass parameters c's in Eq. f fT7|) fix the g values as 



(24) 



g{cQ,) = -0.192, g{cQ,) = -0.179, g{cQ,) = 1.797 ~ 1.974, 
g{cu,) = -0.193, g{cu,) = -0.133, g{cu,) = 2.759 ~ 3.948, 
^(cdJ = -0.193, gicD,) = -0.192, ^(^,3) = -0.179, 



(25) 



where, for example, g = 1.974 for cq.^ = 0.3 and g = 1.797 for cq^ = 0.32. It can be seen 
that g{cQ.^) and gicu^) are dominant over all the other ^f's of the order of A. 

The relevant FCNC processes mediated by the first KK gauge bosons are described by 
the following Lagrangian: 



1 

'2 



+ g [Kt uiL^u^L + i^,^ dm^dmR) Wii^ 

+ gx (i^ri UiLl^UmL + Kf^ diL^dmL + UlL^UmL + diR^dmR) 



,(26) 



where the subscript l,m are the generation indices {l,m = 1,2,3), and the 4D gauge cou- 
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plings are = g^i/VkL. The effective mixing matrices K^s are 

3 

^/m = (^i)ifc ^{cqJ {UqL)km ' ^OT q = U, d, 

k=l 
3 

k=l 
3 

= E iU^^R)ik 9i-^D,) {U,n),m ■ (27) 

k=l 

We first estimate the value of the elements of i^'s. Since (/{cqJ ~ gicg^) <^ g{cQ^) as in 
Eq. fl2^ . the dominant elements of Kg^ are 

Kl^ - X'g{cQ,), Kf^r^gicQj, Kf^ ^ \g{cQ,). (28) 

In addition, the condition of g{cD^) ~ g^co-i) ~ 9{cdz), up to C(A^), leads to diagonal 
up to 0{\^): 

Note that these vanishing off-diagonal elements of the right-handed quarks ensure the valid- 
ity of the operator expansions in the effective Hamiltonian Eq. ([5]) . The diagonal elements 
are 

Kg^g{cD,)^ Kl^g{cu,). (30) 
Finally we have the effective Hamiltonian for B — )■ Kir decay, given by 



2 ly-dL 



32 



{bs),_, {K^^{uu),_, - Kf^{dd),_,} (31) 



16M^^ 



where z,j are the color indices and M^k is the first KK gauge boson mass. Here we have 
included only the most dominant terms proportional to since the values of g{cQ^) and 
g{cu.j) are much larger than those of the other ^'s. 
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Matching the NP contribution to Wilson coefficients from Eq. ([5]) and Eq. (|6]), we get 
even Cj's of 



Brs 2 / T^uL I o TZd.L\ n «2 



and odd Cj's of 

C5 
C7 



B 



At 
5 



(32) 



RS 2 



A; 



At 



B 



RS 



9s , + 



At IV3 

Br^(9J 
At V3 



^11 

- 2AfO 



(33) 



Brs ( 2 



At V3 

Brs 
At 
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Here -Bijs denotes the common NP factor, given by 

1 / mw 
3? 



B 



RS 



2AGfMI 



K. 



dL 
32 • 



KK X^'-^KK 

The leading NP contributions in the same form as the penguin diagrams of Eq. ([8] 



P' 

^NP 



B 



RS 



A 



ttK, 



P' 

^EW,NP 



p'C 
EW,NP 



-B 



RS 



1^16 2 



9'x 



The SM coupling of U(l)y is ^fy = 9x9/ ^/ 9x + 9"^- 
If we redefine 



(34) 
become 
(35) 



-Brs [9I {Klf - - + K) + 9\K-it + )] ^ 



(36) 
(37) 



Eq. ([T]), ignoring 0{\^) terms, becomes 



V2A{B+ 7r°/i+) 
A{B° Tx-K^) 
V2A{B'' 7r°K°) 



-P-T' 
-P-T' 



P Pew 



P' 

EW 



P 



EW,NP 



P 



'C 



EW,NP5 



'C 



EW,NP) 



-P 



EW,NP- 



(38) 



(39) 
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Considering the fact that the NP contribution should not affect the well-measured BR's of 
B — 7- Kir decays, it is reasonable to assume that all NP contributions should be smaller than 
P^. In the case where the strong CP phases of P^p and j^p are the same, the ratio of 
the NP contribution of P' to the SM Pj.^ in this model is 

PL At(a4 + rxa6) 



-AC 



300 GeV\ ^ 



M, 



KK 



where K^^ ~ K^^ ~ >^,Ki^ ~ KgicQs) and {a^ + rxaa] ~ 0.05 to 0.1 jSOi |33|. The constant 
C is 0{1) and less than 10 in conservative estimation. The KK mass over 1 TeV suppresses 
new contribution to the branching ratios of P — > Kn decays. 

On the other hand, the AAcp, defined in Eq. can be explained by new contribution 
to the P^^. 

We adopt the simplifying notation of 

P = -\PL\VNP, (41) 

where rj^p ^ (l + Pj^p/|P4| — Pew np/SI-P/cD- The contribution of ?77vp to Aqp is suppressed, 
if Mkk> I TeV, P'np/\PL\ < A, and Pew,vp/^\PL\ < A. The NP effect can be written as 

A{B+ ^7r+K'') = -\PL\r]NP, 
V2A{B+ 7r^K+) = |P;jr/7vp(l - r^iye^^^^ - rre'^e'^^ - ne'^^e'^^ - rae^'^^e^^^), 

A(P° ^ TX-K+) = |P;jr/7vp(l - rye^V^^ - r2e'^^e'^'), 
V2A{B° 7r°i^°) = -\PL\r]Np{l + rwe^^^^ + rie'^^e*^^), (42) 

where tew = \PewIPLI = \T'/PIJ, n = |Pew,np/AcI, ^2 = |Pew,np/AcI> 0i's are the 
weak phases and 5i's are strong phases. The difference between two Aqp is 

AAqp ^ 2ri sin 5i sin 0i, (43) 

where ri is 

'^l - ^ K^ll ~ ^11 ~ ^11 + + (^11 + ^11 )^ n , K I "^1^72~ (44) 
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For g » Xqx 



Observed 
RiSin(|)iSin8i=5 
RiSin(|)iSin5i=20 



0.1 



0.01 I ' ' ' ' ' ' ^ 

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 

Mx (TeV) 



FIG. 1. AAcp for i?i sin 5i sin (^i = 5 and i?i sin (5i sin = 20 when g ^ ^gx- The horizontal 
hnes are the observed AAcp with the la experimental error. 

where Ri = 2g{cQi)g{cQ3)\Kl^K,32\fn/{fK\a4: + r^a6\)- Here Kij is defined in Eq. ([22]) and 
A ~ 0.22. The value of {Klf — Kf[ — K\{ + K^^) has a suppressed value of /t^A^^(cQi) because 
of the semi-diagonal mixing matrices of UqL,qR as in Eq. ( IT9|) . while i^jf' + Kf[ ~ 2g{cQi). 
We have used the mixing parameters in Eqs. fll9tl22|) . In our choices of input parameters, the 
range of -Ri is from 4 to 20, depending on the effective mixing matrices K^s, \n3sH32\ and 
the SM values of 04 and which are around 0.05 ~ 0.07. 

Brief review about the phenomenological constraints on M^k is in order here. In the 
minimal custodial RS model with an TeV-brane localized Higgs field and anarchic 5D Yukawa 
couplings, the constraints from eK,b — )■ sj and B^B^ mixing put the lower bound of KK 



mass gauge boson above 10 TeV 23l. I34j-l36|. Later, it has been suggested that M^k can be 



lowered down to ~5 TeV if we re 
matching of gauge couplings [37, 



ease the Higgs field in the bulk and include the one-loop 
38 |. However, if we allow mild tuning in the 5D Yukawa 



couplings, both models with the Higgs filed on the TeV-brane or in the bulk accommodate 
sizable region in parameter space for Mkk > 3 TeV jssj]. In our model which allows mild 
tuning in terms of k, we accept the phenomenological bound of Mkk > 3 TeV, which is in 
marginal reach of the LHC. 
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0.1 




0.01 



1.5 



2.5 3 3.5 
Mx (TeV) 



4.5 



FIG. 2. The maximal AAcp for iii sin sin = 20 and gx = 2(//A and gx = S^/A. The 
horizontal lines are the observed AAcp with the la experimental error. 



In Fig{Tl we plot AAqp for Ri sin(5i sin0i = 5, 20 with Xgx ignored. The horizontal lines 
are the observed AAcp with the la experimental error. As expected, AAqp decreases with 
increasing Mkk- For small -Ri sin^i sin 01 = 5, the new contribution to AAcp is too small 
for Mkk > 1 TeV. In order to explain AAqp, the scale M^k should be around 1 TeV 
even for the maximal value of Ri and CP phases. This low Mkk is excluded by other 
phenomenological constraints. 

In Figj2l we explore the possibility to explain the observed AAqp with Mkk — 3 TeV in 
rather extreme case of large gx- We found that this is feasible only when U{l)x coupling is 
large enough such as gx — S^f/A and the contribution from gx sector in Eq. (jH]) is maximal. 
This large value of gx is marginally allowed by the pertubativity. 

Large gx gives additional and possibly significant contributions to other experiments. 
We notice that four quark vertices such as — mixing and B — Kcj) do not have 
severe contributions unless gx is not too larger than g^., because there are 8 gluon modes. 
We also consider the most stringent lepton number violating processes such as yU — )■ 3e and 
B — !■ Kl^l~ decays where the dominant RS contribution to decay amplitudes is proportional 
to {g"^ — {Sgx)'^}g{cLi) [2J]. These NP contributions are proportional to g{cLi) where c^j's 
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(i = e,fi,T) are the bulk Dirac mass parameters for the lepton doublets. Since g{c) defined 
in Eq. vanishes if c = 1/2, it is required that cn are extremely close to 1/2 to suppress 
the large RS contribution. Also, considering the perturbative nature of U{1)b-l gauge 
couplings, it may be unnatural to assume gx/ 9^ "i- 

V. CONCLUSIONS 

More precise data of -B — ?■ Ktt decays have recently raised many interests. While the 
branching ratios are well measured and can be explained within the SM, the direct CP 
asymmetries in the — ?> tx^K^ and — t- -k^ show significant deviation from the 
SM predictions. This is called the ^Aqp puzzle in the B Kir decays. We study this 
discrepancy in the 5D custodial bulk Randall- Sundrum model where all the SM fields are in 
the bulk: one exception is the localized Higgs boson field. 

In this model, the Yukawa interactions with the localized Higgs fields lead to non-zero 
masses for the SM fermions which are the zeroth modes of the bulk fermion. While the 
bulk gauge interactions are fiavor- diagonal, the Yukawa interactions generally mix the SM 
fermions of different generations. At tree level, the KK gauge bosons can mediate FCNC. 
We study these FCNC effects on four B — )■ Kit decays. A custodial bulk RS model with 
two naturalness assumptions has been adopted, where all the 5D Yukawa couplings and the 
bulk Dirac mass parameters for the SM fermions can be determined. 

We showed that the operator expansions in the effective Hamiltonian for B Kir take 
the same form to leading order since the mixing matrix of the right-handed fermion fields is 
almost diagonal. To leading order, this model has new contributions to the gluonic penguin 
amplitude P', color-favored and color-suppressed electroweak penguin amplitudes P^w 
Pew "^^^ ^^^^ measured branching ratios of four B — )■ Kir decays remain almost intact 
if the KK mass scale is above 1 TeV. On the contrary, the new contribution to the color- 
favored electroweak penguin amplitude P'ewnp S^^ contributions from the gluon KK 
mode exchange. However its magnitude in a large portion of the model parameter space is 
too small: the discrepancy of ^Acp between the experimental data and the SM prediction 
can be explained with M^k — 1 TeV, which contradicts with other phenomenological 
constraints. In rather extreme case of very large gx-, however, the observed ^Acp can be 
explained with Mkk — 3 TeV. 
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